Introduction
Vibration signals are important data for the analysis to the dynamic features of the mechanical systems. But, the signal will be polluted by random noises in the collection process, which can result in reducing the analysis precision and accuracy. At present, de-nosing processing is a key point of signal processing, and the scholars, at home and abroad, were working in this, such as discrete wavelet transform [1] , stationary wavelet transform [2] , wavelet packet [3] and Winner filtering [4] and other de-noising methods. The properties of signals were not taken into consideration in these methods; therefore, the universality is not good. In the end of 20th century, Empirical Mode Decomposition (EMD) was proposed by Huang [4] , based on the Hilbert transform, in which, intrinsic mode function is the decomposition unit. This method is the general expression form for the decomposition operation based on the inner product. As driven by the data itself, the universality of algorithm is excellent. However, for the influence of the modal aliasing, the application range is limited. The property that all frequencies are contained in white noise is masterly utilized by Wu, and the Ensemble Empirical Mode Decomposition was proposed in 2008 [5] . The method can reduce modal aliasing, which expand the application scope of the EMD, and improve the de-noising effect. Yeh, etc. further improve the EEMD. And the algorithm can remove the surplus noise introduced by the adding white noise, and the computation time is less, which is called (Complementary Ensemble Empirical Mode Decomposition, CEEMD). In this paper, the theory of the algorithm is illustrated and the de-noising effect was demonstrated.
The Principle Of The CEEMD
Aim to overcome the harm of the modal aliasing, a data-analysis algorithm assisted by noises is proposed, and called CEEMD. The property that white noise contains equally distributed energy in all frequencies is made used in the CEEMD. The specific processing step is as followed: (1)Add low-energy white noises to the original in plus and minus; (2)Employ the EMD to the signal added with noise, and a group of IMFs are obtained (the specific steps of the EMD can be found in literature [4] ); (3)Repeat the step1 and step 2, and add different random noise series to the original signal, and there operations are repeated N times; (4)Add the IMF with same number together that obtained in 2N-times EMD decomposition, and the means of the IMFs are calculated, and are taken as the final IMF:
Where, C j (t) represents the ith IMF in the CEEMD decomposition.
The Simulate Signal
In order to verify the effectiveness of the CEEMD, the simulate signal is made, and the formula is as followed sin(10 2 ) sin(20 2 ) 5sin(40 2 )
2) The white noise with certain degree energy is added to the signal. There sampling time is 8s, and the sample period is 0.004s. The time series figure of the signal is shown in Fig.1 . 
CEEMD Decomposition
The CEEMD is applied to the signal, and the amplitude of the white noise that is added to the signal is 30% of the standard deviation of the processed signal, and the EMD decomposition is conducted for 100 times. The data is expended by mirror method to reduce the affect of the boundary effect. 12 IMFs are obtained in the decomposition. As revealed in Ref. [6] , an IMF with a high coefficient of correlation between it and the analyzed signal means that this IMF is an important component. Fig.  2 presents the coefficients of correlation between different IMFs and the original signal. We can learn that IMFs 6-8 are vital components of the signal, as the coefficients of correlation are relatively greater. So these IMFs are discussed. The valuable IMFs are shown in Fig.2 . As shown in Fig.3 , after CEEMD decomposition operation, the noise is separated, and the harmonic component at 10, 20 and 40 Hz are also separated. As shown in Fig.2 , it is easy to learn that IMF 1-5 and IMF 9-12 are the noise components. Add the remnant IMF together, and the de-noising signal is obtained, and it is shown in Fig.2 . Comparing  Fig.4 and Fig.1 , it can be known that the signal become smooth, after de-noising operation. 
Summary
In order to eliminate noise from the vibration signal, the CEEMD is introduced in this paper. At first, the principle of the algorithm is illustrated, and the specific decomposition process is elaborated. The method is applied to a simulate signal, which contain harmonic components and white noise. It can be concluded that the result shows that the noise can be effectively eliminated by using this method. However, as shown in Fig.3 , a decomposition error that part of harmonic is separated can be found in the right endpoint, which results from the endpoint effect. And this problem should be further studied.
